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(54) Optical filter, laser module, and wavelength locker module 



(57) On a second thermo-module there are dis- 
posed a prism, an optical filter, and a sub-mount, via a 
base respectively. On the front side of the sub-mount, 
there are disposed a first photodetector and a second 
photodetector. The optical filter is structured with a crys- 



tal member that satisfies a condition that a + (l/ng) ■< 
(An/AT) becomes not more than 3.5. where a Is a coef- 
ficient of linear expansion, nQ is a refractive index at a 
normal temperature, and An is a change of a refractive 
index corresponding to a temperature variation AT. 
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Description 

BACKGROUND OF THE INVENTION 

1) Field of the Invention 

[0001] The present invention relates to a technical 
field of an optical module such as a semiconductor laser 
device module that is used for an optical transmitter that 
transmits an optical signal. More particularly, this inven- 
tion relates to an optical filter, a semiconductor laser de- 
vice module, and a wavelength locker module that have 
a function of monitoring the wavelength of a laser beam 
that bears an optical signal transmitted in a wavelength 
division multiplexing (WDM) communication system. 

2) Description of the Related Art 

[0002] In recent years, the WDM has been focused 
as an element technique that is used to dramatically in- 
crease the quantity of transmission informatbn, in the 
optical communications field. In this WDM communica- 
tion system, wavelength intervals between multiplexed 
optical signals become extremely short. On the other 
hand, the wavelength of a semiconductor laser device 
that is used as a signal light source varies due to a tem- 
perature variation or the like. Therefore, there is a risk 
that the quality of signals is degraded due to the occur- 
rence of crosstalk between adjacent optical signals. 
Consequently, because of the need for preventing the 
crosstalk between optical signals, the semiconductor la- 
ser device that is used in the WDM communication sys- 
tem has been required to have very high wavelength 
stability. 

[0003] As a technique for realizing this wavelength 
stability, there is known a semiconductor laser device 
module that is structured to use a wavelength locker that 
detects a wavelength of an optical signal and feeds back 
the wavelength to a semiconductor laser device. Ac- 
cording to this semiconductor laser device module, the 
oscillation wavelength of the semiconductor laser de- 
vice is properly controlled based on a variation in the 
wavelength of the optical signal detected by the wave- 
length bcker. Therefore, the sembonductor laser de- 
vice module operates to keep the wavelength of an op- 
tical signal always stable. 

[0004] Fig. 18 is a view that shows a structure of a 
semiconductor laser device nrKxJule that includes a con- 
ventional wavelength locker. The semiconductor laser 
device module shown in Rg. 18 is constructed of a sem- 
iconductor laser device 101 that emits a laser beam, an 
optical fiber 102 that transmits a laser beam to the out- 
side, parallel lenses 103 and 104 and a condenser lens 
105 that are disposed as optteal tenses to transmit a la- 
ser beam, a beam splitter 106 that branches a laser 
beam into two, a resonator 107 that has a function of 
selectively transmitting a laser beam having a predeter- 
mined wavelength band based on resonance, and a first 
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photodetector 1 08 and a second photodetector 1 09 that 
receive laser beams and output optical detection cur- 
rents. In the example shown in Rg. 1 8, constituent mem- 
bers are integrally fitted to a package of the semicon- 

5 ductor laser device module, and are held by a plurality 
of carriers (indicated as shaded portions). 
[0005] In the above structure, a laser beam emitted 
from the front end (right side in the drawing) of the sem- 
iconductor laser device 101 is changed into a parallel 

10 beam by the parallel tens 103, and the parallel beam is 
condensed by the condenser lens 105. The condensed 
beam is incident to the optical fiber 102. On the other 
■ hand, a laser beam emitted from the rear end (the left 
side in the drawing) of the semiconductor laser device 

IS 101 is changed into a parallel beam by the parallel lens 
104. The parallel beam is branched into two directions 
by the beam splitter 106 that is disposed in slanting rel- 
ative to the light axis. 

[0006] The laser beam branched to a direction in 

20 which the laser beam is transmitted through the beam 
splitter 106 passes through the resonator 107, and is 
received by the first photodetector 108. Further, the la- 
ser beam branched to a direction in which the laser 
beam is reflected by the beam splitter 106 is received 

25 by the second photodetector 109. The resonator 107 
works to transmit a laser beam that has a specific wave- 
length component that is determined by a structure and 
characteristics of the laser beam. 
[0007] A first optical detection signal output from the 

30 first photodetector 1 08 is compared with a second opti- 
cal detection signal output from the second photodetec- 
tor 109. Based on an output ratio of the two currents, a 
wavelength variation of the laser beam emitted from the 
semiconductor laser device 101 is detected. Based on 

35 a result of this detection, it is possible to control a laser 
beam to stabilize its wavelength, by giving a desired 
temperature change to the semiconductor laser device 
101 with a Peltier device or by changing an injection cur- 
rent to the semiconductor laser device 101. 

40 [0008] In the above conventional semiconductor laser 
device module, an optical filter that uses a Fabry-Perot 
etalon is known as a resonator of the wavelength locker. 
This optical filter is a device that forms a reflection sur- 
face on both sides of an optical transmission medium, 

45 and makes a transmitted laser beam generate a Fabry- 
Perot resonance. For example, an optical fitter that uses 
quartz glass or crystal is used as an optical transmission 
medium. 

[0009] However, according to the semiconductor ta- 
50 ser device module that uses an optical fitter, there is a 
problem of the occurrence of variation in the wavelength 
transmission characteristics of the optical filter due to 
changes in the environ mental temperature. Specif ically, 
a resonance wavelength varies depending on the 
55 change in the optical length of the optical transmission 
medium of the optical fitter, and this generates a trouble 
in accurately controlling the wavelength with the wave- 
length locker. Particularly, when the optical filter using 
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quartz glass is employed, as a variation in the optical 
length attributable to a temperature variation is large, 
the resonance wavelength also varies large due to the 
temperature . As a result, when the semiconductor laser 
device module is used in a situation in which the envi- 
ronmental temperature is changed, the precision of the 
wavelength locking is lowered. The reduction in the pre- 
cision of the wavelength locking becomes serious par- 
ticularly when the wavelength intervals between optical 
signals are short 

SUMMARY OF THE INVENTION 

[0010] It is an object of this invention to provide an 
optical fitter that can stably carry out a wavelength lock- 
ing in high precision even when the wavelength intervals 
between optical signals are short and when there is a 
large temperature change like in the WDM communica- 
tion system, and provide a semiconductor laser device 
module and a wavelength locker module that use this 
optical filter as a resonator. 

[0011] In orderto achieve the aboveobject, according 
to one aspect of the present invention, there is provkjed 
an optical filter comprising a crystal member that satis- 
fies a condition that a + (1/no) x (An/AT) becomes not 
more than 3.5, where a represents a coefficient of linear 
expansion, no represents a refractive index at a normal 
temperature, and An represents achangeof a refractive 
index corresponding to a temperature variation AT 
[0012] Therefore, it is possible to provide an optical 
filter of which transmission wavelength has low depend- 
ency on temperature, and which restricts a variation in 
the transmission wavelength characteristics attributable 
to a temperature change. 

[0013] According to another aspect of the invention, 
there is provided a laser module comprising, a semicon- 
ductor laser device that outputs a laser beam, an optical 
fiber that condenses a laser beam output from the sem- 
iconductor laser device and transmits the laser beam to 
the outside, an optical branching unit that makes a 
wavelength-monitoring laser beam incident out of a la- 
ser beam emitted from the semiconductor laser device, 
and branches the wavelength-monitoring laser beam in- 
to a first branch beam and a second branch beam, an 
optical filter that includes a crystal member that makes 
the first branch beam generate a Fabry-Perot reso- 
nance to selectively transmit a predetermined wave- 
length band, and that satisfies a condition that a + ( 1 /n^) 
X (An/AT) becomes not more than 3.5, where a repre- 
sents a coefficient of linear expansion, nQ represents a 
refractive index at a normal temperature, and An repre- 
sents a change of a refractive index corresponding to a 
temperature variation AT, a first light amount detecting 
unit that receives a transmission beam of the optical fil- 
ter, and a second light amount detecting unit that re- 
ceives the second branch beam. 
[0014] According to still another aspect of the inven- 
tion, there is provided a wavelength locker module com- 



prising, an optical branching unit that makes a wave- 
length-monitoring laser beam incident, and branches 
the wavelength-monitoring laser beam into a first branch 
beam and a second branch beam, an optical filter that 

5 includes a crystal member that makes the first branch 
beam generate a Fabry-Perot resonance to selectively 
transmit a predetermined wavelength band, and that 
satisfies a condition that a 4- (1/no) ^ (An/AT) becomes 
not more than 3.5. where a represents a coefficient of 

10 linear expansion, no represents a refractive index at a 
normal temperature, and An represents a change of a 
refractive index corresponding to a temperature varia- 
tion AT, a first light amount detecting unit that receives 
a transmission beam of the optical fitter, and a second 

15 light amount detecting unit that receives the second 
branch beam. 

[0015] These and other objects, features and advan- 
tages of the present invention are specifically set forth 
in or will become apparent from the following detailed 
20 descripttons of the invention when read in conjunction 
with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

25 [001 6] Fig. 1 is a side cross-sectional view that shows 
a structure of a laser module relating to a first embodi- 
ment, 

[0017] Fig. 2 is a top plan cross-sectional view that 
shows a structure of the laser module relating to the first 
30 embodiment, 

[0018] Fig. 3 is a view that shows a structure of an 
optical filter that constitutes the laser module relating to 
the first embodiment, 

[001 9] Fig. 4A shows a state of electric dipoles on the 
35 surface of a crystal material when a polarization 
processing has not been carried out and Fig. 4B shows 
a state of electric dipoles on the surface of a crystal ma- 
terial when a polarization processing has been carried 
out or when the crystal material has been annealed at 
40 or above a Curie point after providing a polarization 
processing, 

[0020] Fig. 5A and Fig. 58 are graphs that respective- 
ly show temperature dependency of transmission wave- 
length characteristics of a crystal material that consti- 

45 tutes an optical filter, 

[0021] Rg. 6 is a graph that shows temperature de- 
pendency of transmission wavelength characteristics of 
a crystal material after the crystal material has been dis- 
connected and annealed, 

50 [0022] Fig. 7 is a graph that measures temperature 
dependency of transmission wavelength characteristics 
of a crystal material after the crystal material has been 
polarized and then disconnected and annealed, 
[0023] Fig . 8 is a side cross-sectional view that shows 

55 a structure of a laser module relating to a modification 
of the first embodiment, 

[0024] Fig. 9 is a side cross-sectional view that shows 
a staicture of a laser module relating to a second em- 
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bodiment, 

[0025] Rg. 10 is a top plan cross-sectional view that 
shows a structure of the laser module relating to the sec- 
ond embodiment 

[0026] Rg. 1 1 is a block diagram that explains the op- 5 
eration of the laser module relating to the second em- 
bodiment, 

[0027] Rg. 12 is a side cross-sectional view that 
shows a structure of a laser module relating to a modi- 
fication of the second embodiment. 
[0028] Rg. 13 is a side cross-sectional view that 
shows a structure of a laser module relating to a third 
embodiment, 

[0029] Rg. 14 is a top plan cross-sectional view that 
shows a stnjcture of the laser module relating to the third 
embodiment, 

[0030] Rg. 15 is a side cross-sectional view that 
shows a structure of a laser module relating to a fourth 
emt)odiment, 

[0031] Rg. 16 is a top plan cross-sectional view that 
shows a structure of the laser module relating to the 
fourth embodiment, 

[0032] Fig. 17 is a top plan cross-sectional view that 
shows a structure of a wavelength locker module relat- 
ing to a fifth embodiment, and 
[0033] Rg. 1 8 Is a top plan cross-sectional view that 
shows a structure of a conventional laser module. 

DETAILED DESCRIPTIONS 

[0034] A first embodiment will be explained below. 
Fig. 1 is a side cross-sectional view of a laser module 
relating to the first embodiment in a laser beam emission 
direction, and Fig. 2 is a top plan cross-sectional view 
shown in Fig. 1 . A laser module 200 shown in Rg. 1 and 
Rg. 2 has an optical fiber 1 1 that receives a laser beam 
emitted from a semiconductor laser device 20 and trans- 
mits this laser beam. A front end of the optical fiber 11 
is fixed to an end surface of a cylindrical portion 101a 
at an end of a package 101 in a laser beam emission 
direction via a sleeve 1 3 in a state that the front end of 
the optical fiber 11 is held with a feraile 12. 
[0035] A first thermo-module 63 and a second ther- 
mo-module 64 are disposed close to each other on a 
bottom surface of the package 101. The first thermo- 
module 63 and the second thermo-module 64 are de- 
vices of which surface can be heated or cooled based 
on a size and a direction of current conducted to these 
thermo-modules. Each thermo-module is constructed of 
a Pettier device or the like. 

[0036] A base 30 made of CuW or the like is mounted 
on the first thermo-module 63. On this base 30, there 
are provided a sub-mount 34 that is mounted with the 
semrconductor laser device 20, a parallel lens 33 that 
changes a laser beam output from a front end surface 
of the semiconductor laser device 20 into a parallel 
beam, an optical isolator 32 that stops a return beam 
reflected from the optical fiber 11 , and a parallel lens 35 



that changes a monitoring-iaser beam output from a rear 
end surface of the semiconductor laser device 20 into a 
parallel beam. 

[0037] A condenser lens 36 that connects the parallel 
beam to the optical fiber 11 is fixedly accommodated in 
the cylindrical portion 101a at the end of the package 
101 in a laser beam emission direction. 
[0038] A base 50 made of CuW or the like is mounted 
on the second thermo-module 64. On this base 50. there 
areprovided a prism 51 that branches the monitoring- 
iaser beam output from the rear end surface of the sem- 
iconductor laser device 20 into two directions at a pre- 
determined angle, an opticalfilter 52 that makes incident 
one of the beams obtained by branching by the prism 

51 , and a sub-mount 53. On the same plane of the front 
surface (the surface of a laser beam emission direction) 
of the sub-mount 53, there are provided a first photode- 
tector 41 that receives the other beam obtained by 
branching by the prism 51 , and a second photodetector 
42 that receives a beam transmitted through the optical 
filter 52. A photodiode is used for each of the first pho- 
todetector 41 and the second photodetector 42. 
[0039] A thermistor 54 that detects a temperature of 
the optical filter 52 is provided near the optical filter 52. 
Hereinafter, optical parts that are used to monitor the 
laser beam emitted from the semiconductor laser device 
20 (for example, the parallel lens 35, the prism 51 . the 
optical filter 52, the first photodetector 41. the second 
photodetector 42. and the thermistor 54) will be collec- 
tively called a wavelength monitor. 

[0040] In the above structure of the laser module 200. 
a laser beam output from the front end surface of the 
semiconductor laser device 20 is transmitted to the op- 
tical fiber 11 via the parallel lens 33. the optical isolator 
32, and the condenser lens 36. This laser beam is uti- 
lized as a signal beam for a desired application. 
[0041] As the optical isolator 32 prevents a reflection 
return beam, the laser oscillation of the semiconductor 
laser device 20 is maintained at a stable level. 
[0042] A structure and work of the optical filter 52 re- 
lating to the present embodiment wilt be explained next. 
Rg. 3 is a view that shows a structure of the optical fitter 

52. As shown in Rg. 3, the optical filter 52 is formed in 
a structure that a reflection film is formed on each of side 
surfaces 52b and 52c of a bulk-type crystal member 
52a. The crystal member 52a is formed using a crystal 
tiiat has characteristics to be described later. An option- 
al reflectance is set to both side surfaces 52b and 52c. 
ft is preferable that the side surfaces 52b and 52c are 
formed using a transparent material. A laser beam is in- 
cident perpendicularly to the side surface 52b of the op- 
tical filter 52 at the left side of the drawing, and is trans- 
mitted through the crystal member 52a. A part of the la- 
ser beam is transmitted through the side surface 52c, 
and is emitted perpendicularly from this surface to pro- 
ceed to the right side of the drawing. The rest of the laser 
beam is reflected from the side surface 52c toward the 
side surface 52b. 
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[0043] The intensity of the laser beam emitted from 
the side surface 52c depends on the reflectance of the 
side surface 52c. For example, when the reflectance of 
the side surface 52c is 50%, the intensity of the emitted 
laser beam is 50% of the intensity of the laser beam that s 
is incident to the side surface 52c. The intensity of the 
laser beam that is reflected from the side surface 52c to 
the side surface 52b becomes the rest 50%. Based on 
this structure, the laser beam that is transmitted through 
the crystal member 52a generates multiple interference 
between the two side surfaces 52b and 52c. Therefore, 
it is possible to periodically transmit a laser beam that 
has a specific wavelength band. 
[0044] In the present embodiment, transmission 
wavelength characteristics that has preferable temper- 
ature dependency is provided to the optical filter 52, 
based on a selection of a crystal that is used as the crys- 
tal member 52a. Specifically, the crystal member 52a 
that constitutes the optical fitter 52 satisfies the following 
condition: 

a + (l/ng) X (An/ AT) < 3.5 (1 ). 

where a represents a coefficient of linear expansion, no 
represents a refractive index at a normal temperature, 
and An represents a change of a refractive index corre- 
sponding to a temperature variation AT When the opti- 
cal filter 52 is stmctured by a crystal material that satis- 
fies the above expression (1), it is possible to restrict a 
variation in the resonance wavelength that is attributa- 
ble to a variation in the environmental temperature. For 
the crystal materials, it is possible to use any one of 
LiTaOs, LINbOa, Bi^gGeOgo, GdsGagOig, and TeOg. 
These crystal materials have the refractive index no of 
2.0 or above, and these crystal materials are not easily 
affected by temperature variation. 
[0045] The temperature dependency of the optical 
characteristics of the optical filter 52 made of the above 
crystal material will be explained. When the angle of in- 
cidence of a laser beam to the optical filter 52 is zero 
degree, the optical length L can be given by the following 
expression: 

L«{no^-(An/AT)-(T-To)-Lo(1 + a(T-To)) 
= no • Lo [(T - To) • {a + (1/no) • (An/AT)}] (2), 

where T represents a temperature. To represents a nor- 
mal temperature, and Lo represents an optical length. 
Other symbols are similar to those in the expression (1 ). 
This expression (2) shows that the optical length L of 
the laser beam incident to the optical filter 52 expands 
or contracts from the original optical length at the nor- 
mal temperature, attributable to the temperature de- 
pendency. From the expression (2) , it can be known that 



when {a + (1/no) * (An/AT)} becomes smaller, the influ- 
ence of a temperature change to the optical length L be- 
comes smaller. 

[0046] In the expression (2) , the following parameter 
ywill be defined: 

Y = a + (1/no) • (An/AT) (3) . 

[0047] Based on y, it is possible to decide an influence 
level of temperature change to a crystal material, y be- 
comes about 7 X 10"6/deg, for quartz as a general crys- 
tal material that is used for the optical filter 52. On the 
other hand, the parameter y becomes smaller than that 
of crystal, for each of the above crystal materials that 
are used for the optical filter 52 relating to the present 
embodiment. The parameter y values of the above crys- 
tal materials are shown below. 



LiNb03 (C axis) 


Y = 


2.3 (X 10*6/deg) 


LiTaOa (C axis) 


Y = 


1.3 (X 10-6/deg) 


Bii2GeO20 


7 = 


1.0 (X 10-6/deg) 


Gd3Ga50^2 


7 = 


3.0 (X 10-6/deg) 


Te02 (C axis) 


7 = 


1.7 (X 10-6/deg) 



[0048] As the above five crystal materials have suffi- 
ciently smaller parameter y values than that of crystal, 
a wavelength deviation following a temperature varia- 
tion becomes smaller . For example, when the temper- 
ature has been raised from 25®C to 40^C, the wave- 
length deviation of LiTaOg becomes smaller than the 
wavelength deviation of crystal. 
[0049] While a polarization processing is carried out 
in the processing of a ferroelectric crystal material in 
general, the polarization processing is not carried out in 
the present embodiment. The polarization processing 
means the application of a DC strong field to a crystal 
material at a high temperature, for example. This is the 
processing of arranging electric dipoles to a constant di- 
rection inside the crystal material. A change in the state 
of electric dipoles depending on presence or absence 
of a polarization processing will be explained below us- 
ing Fig 4A and Fig. 4B. Fig. 4A is a schematic view that 
shows a state of electric dipoles on the surface of a crys- 
tal material when a polarization processing has not been 
carried out. Fig. 4B is a schematic view that shows a 
state of electric dipoles on the surface of a crystal ma- 
terial when a polarization processing has been carried 
out. Usually, in the ferroelectric crystal material like 
LiTaOg, directions of the electric dipoles are different be- 
tween polarization domains, as shown in Fig. 4A. There- 
fore, in order to make clear a predetermined character- 
istic. It has been a common practice to carry out a po- 
larization processing to the crystal material thereby to 
make constant the directions of the electric dipoles in 
the polarization domains, as shown in Rg. 4B. However, 
the inventors of the present invention have found that 
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the temperature characteristic of the optical filter further 
improves when a crystal material that has substantially 
zero dipote moment as a whole is used for the material 
of the optical filter, without carrying out a polarization 
processing to the crystal material. For example, a wave- 
length deviation of LiTaOg under the above condition be- 
comes smaller when a polarization processing has not 
been earned out than a wavelength deviation when a 
polarization processing has been carried out, at the 
same temperature. When the temperature is bwered 
from 40^C to 25^C, reproducibility improves further. 
[0050] The inventors of the present invention have 
checked the temperature dependency of a transmission 
wavelength by using LiTa03 as a crystal material and 
after carrying out a predetermined processing to this 
LiTaOg. Fig. 5A and Fig. 5B are graphs that respectively 
show temperature dependency of a transmission wave- 
length of a crystal material when LiTaOg has been cut 
into a 15 mm by 15 mm square piece without carrying 
out a polarization processing after this LiTaOs has been 
annealed. The crystal material has been measured by 
raising the temperature from 20**C to 45**C. As a result 
of measuring the sample, as shown in Rg. 5A, peak 
wavelengths of a transmission beam have been 
1549,1263 nm, 1549.1375 nm. 1549.1484 nm. 
1549.1600 nm, and 1549.1840 nm at measurement 
temperatures of 20**C, 25**C. 30^C, 35**C, and 45^C. re- 
spectively. The measured values are plotted and fitted 
on the graph. As a result, the inclination of an obtained 
straight line is very small of 0.00230 (nm/°C), which 
shows that a change of a transmission wavelength fol- 
lowing a change in temperature is very small. After car- 
rying out the measurement in the above range of tem- 
perature, the temperature of the sample has been tow- 
ered to 25^C, and a peak length of a transmission beam 
has been measured again. The obtained peak length 
has been 1 549,1 381 nm, which has an extremely small 
deviation of 0.0006 nm from the first measured value of 
the sample at 25''C. This shows that according to this 
sample used for the above measurement, a transmis- 
sion wavelength of the sample has low temperature de- 
pendency, and the sample is also extremely excellent in 
the reproducibility of the transmission wavelength. This 
satisfactory reproducibility becomes an excellent ad- 
vantage in actually using the optical filter in the laser 
module. 

[0051] Fig. 5B is a graph for comparison with.Fig. 5A. 
Rg. 5B shows a result of measuring the temperature de- 
pendency of a transmission wavelength of a separate 
sample manufactured under the same condition as that 
of the sample used for the measurement in Fig. 5A. The 
crystal material has been measured by raising the tem- 
perature. As a result of measuring the sample, peak 
wavelengths of a transmission beam have been 
1549.1415 nm, 1549.1528 nm, 1549.1735 nm, and 
1549.1965 nm at measurement temperatures of 20**C, 
25^C, 35* C, and 45'*C, respectively. The measured val- 
ues are fitted on the graph. As a result, the inclination 



of an obtained straight line is 0.00219 {nm/°C), which is 
a better value than the measured result shown in Rg. 
5A. After raising the temperature to 45**C, the tempera- 
ture of the sample has been lowered to 25°C, and a peak 

5 length of a transmission beam has been measured 
again. The value has been 1 549.1 523 nm. The deviation 
of the peak wavelength before and after the temperature 
raise has been 0.0108 nm. Although this difference is 
not smaller than the difference obtained in Rg. 5A, this 

10 shows excellent reproducibility. 

[0052] The inventors of the present invention have 
checked the temperature dependency of a transmission 
wavelength by using LiTaOs. After annealing and cutting 
this crystal material in a similar manner to that of the 

IS measurement shown in Rg. 5A and Fig. 58, the crystal 
material is annealed again at a temperature 700''C, and 
then the temperature dependency of a transmission 
wavelength is measured. Fig. 6 shows a result of this 
measurement. The crystal material has been measured 

20 by raising the temperature. As a result of measuring the 
sample, peak wavelengths of a transmission beam have 
been 1549.0883 nm. 1549.0984 nm, 1549.1220 nm. 
and 1549.1478 nm at measurement temperatures of 
20*'C, 25**C, 35*C, and 45**C, respectively. As a result 

25 of measurennent, the inclination of an obtained straight 
line is small that is 0.00240 (nm/**C). After the tempera- 
ture of the sample has been lowered to 25''C, a peak 
wavelength of a transmission beam has been measured 
again. The obtained peak wavelength has been 

30 1549.0990 nm. The deviation at 25°C with the peak 
wavelength has been 0.0006 nm. This shows excellent 
reproducibility. 

[0053] The samples used in the above measurements 
shown in Fig. 5A, Fig. 58, and Fig. 6 have been proc- 

35 essed without a polarization processing. It is also pos- 
sible to obtain excellent characteristic when a crystal 
material has been cut into a 15 mm by 15 mm square 
piece after carrying out a polarization processing, and 
the crystal material is. annealed at a temperature of a 

40 Curie point or above. Specifically, the inventors of the 
present invention have carried out a polarization 
processing after annealing a crystal material. Then, the 
crystal material has been cut into a 15 mm by 15 mm 
square piece, and the crystal material has been an- 

45 nealed again at a temperature of 700**C, which is higher 
than a Curie point. The temperature dependency of a 
transmission wavelength of this crystal material has 
been measured. Rg. 7 shows a result of this measure- 
ment. The crystal material has been measured by rais- 

50 ing the temperature. As a result of measuring the sam- 
ple, peak wavelengths of a transmission beam have 
been 1549.1493 nm, 1549.1601 nm, 1549.1840 nm, 
and 1 549.2085 nm at measurement temperatures of 
20*»C, 25**C, 35**C, and 45*'C, respectively. The meas- 

55 ured values are fitted on the graph. As a result, the in- 
clination of an obtained straight line is 0.00237 (nm/^'C). 
The temperature of the sample has been lowered to 
25'*C, and a peak wavelength of a transmission beam 
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has been measured again, which has been 1549.1607 
nm. The deviation during the temperature rise with the 
temperature has been 0.0006 nm. This shows excellent 
reproducibility. 

[0054] As explained above, when an optical filter is 
formed by using LiTa03 or the like that satisfies the ex- 
pression (1) as a crystal material, it becomes possible 
to realize an optical filter that has excellent temperature 
characteristics with small variation in the transmission 
wavelength attributable to a temperature change. Par- 
ticularly, when the crystal material is annealed again at 
a high temperature, without carrying out a polarization 
processing or after carrying out a polarization process- 
ing, the temperature characteristics of the crystal mate- 
rial become more excellent. Asaresult, it is possible to 
realize an optical fitter having excellent temperature 
characteristics. 

[0055] Temperature control of the laser module 200 
that uses this optical fitter 52 will be explained next. 
[0056] A monitoring laser beam output from the rear 
end surface of the semiconductor laser device 20 is 
branched into two directions by the prism 51 via the par- 
allel lens 35. 

[0057] One of the beams obtained by branching by 
the prism 51 is converted into current by the first photo- 
detector 41 , and this current is used as a reference volt- 
age by a current-voltage converter not shown. 
[0058] The other beam obtained by branching by the 
prism 51 passes through the optical fitter 52, and is con- 
verted into current by the second photodetector 42. This 
current is used as a signal voltage by a current-voltage 
converter not shown. A difference between a signal volt- 
age obtained when a beam of a desired wavelength has 
passed through the optical filter 52 and the reference 
voltage will be called a reference voltage difference. 
When a voltage difference between the actual reference 
voltage and the signal voltage is compared with the ref- 
erence voltage difference, it is possible to know a wave- 
length deviation. It is also possible to detect a wave- 
length deviation by using a voltage ratio instead of a volt- 
age difference. 

[0059] It is possible to correct this wavelength devia- 
tion by changing the temperature of the semiconductor 
laser device 20. In order to correct this deviation, the 
temperature of the sub-mount 34 below the semicon- 
ductor laser device 20 may be adjusted (either cooled 
or heated). 

[0060] A voltage that shows a wavelength deviation 
obtained by the comparison is used as a control voltage 
for a controller not shown to control the temperature of 
the first thermo-modute 63. The first thermo-module 63 
is operated as a temperature adjuster. With this arrange- 
ment, the temperature of the semiconductor laser de- 
vice 20 is controlled via the first thermo-module 63. the 
base 30, and the sub-mount 34, and the semiconductor 
laser device 20 is feedback controlled to restrict a wave- 
length variation, or to output a laser beam having a de- 
sired wavelength. 



[0061] In order to correct the deviation of the wave- 
length of a laser beam that is output from the semicon- 
ductor laser device 20 and to keep the wavelength at a 
constant value, it is necessary that the wavelength of a 

s laser beam that passes through the optical fitter 52 
keeps a constant value. For this purpose, the controller 
not shown calculates a difference between a desired 
temperature and a temperature detected by the thermis- 
tor 54. and controls the temperature of the second ther- 

10 mo-module 64 by using a voltage corresponding to this 
difference as a control voltage. As a result, the optical 
filter 52 is heated or cooled via the second thermo-mod- 
ule 64 and the base 50, and is stabilized at a desired 
temperature. 

IS [0062] According to the laser module relating to the 
first embodiment, a material that satisfies the condition 
shown in the expression (1 ) is used for the crystal mem- 
ber 52a to form the optical filter 52. Therefore, the optical 
filter 52 has excellent temperature characteristics, and 

20 can make the variation width of a transmission wave- 
length attributable to a temperature change smaller than 
the conventional width. As a result, even when there is 
a slight variation in the temperature of the optical filter 
52, it is possible to restrict the variation width of a trans- 

25 mission wavelength of the optical filter 52 to within a 
range that has no problem in practical application of the 
optical filter 52. 

[0063] Therefore, according to the laser module relat- 
ing to the first embodiment, the wavelength of the beam 

30 of which intensity is detected by the second photodetec- 
tor 42 is kept at a constant level, and it is possible to 
accurately detect a difference between a signal voltage 
and a reference voltage . As a result, it is possible to 
keep the wavelength of the laser beam that is output 

35 from the semiconductor laser device 20 at a constant 
value in high precision. 

[0064] In the first embodiment, the wavelength moni- 
tor is constructed of the prism 51 as a kind of a beam 
splitter, the first photodetector 41 and the second pho- 

40 todetector 42 that are disposed on the same plane of 
the sub-mount 53. The prism has a simple structure to 
branch one laser beam into two directions based on two 
inclined surfaces. It is possible to set an optional branch 
angle of a laser beam by setting an angle formed by the 

45 two inclined surfaces. Therefore, it is possible to provide 
a smaller wavelength monitor than other beam splitters. 
It is also possible to use other beam splitter, for example 
a half-mirror, in place of the prism 51 . The first photode- 
tector 41 and the second photodetector 42 that are pro- 

50 vided on a separate sub-mount may receive a transmis- 
sion beam and a reflection beam from the half -mirror. 
[0065] When all the optical parts that are mounted on 
the first thermo-module 63 and the second thermo-mod- 
ule* 64 are disposed on the first thermo-module 63 as 

55 shown in Fig. 8, this structure is advantageous to further 
reduce sizes of the laser module. 
[0066] A second embodiment will be explained next. 
Fig. 9 is a side cross-sectional view of a laser module 
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in a laser beam emission direction. In Fig. 9, sections 
that are identical with those in Fig. 1 are attached with 
like reference numbers, and explanation of these sec- 
tions will be omitted. 

[0067] A laser module 1 00 shown in Fig. 9 is different 5 
from the laser module 200 shown in Fig. 1 in the follow- 
ing points. Rrst, in the laser module 100 shown in Rg. 
9, only a first thermo-module 61 is disposed on the bot- 
tom surface of a package 101 . Second, a base that in- 
stalls an optical Isolator 23. a second thermo-module 62 io 
and a base 50 that constitutes a wavelength monitor are 
provided on the first thenno-module 61 . Third, a semi- 
conductor laser device 20 and parallel lenses 33 and 35 
are disposed on the second thermo-module 62. In the 
second embodiment, an optical filter 52 is also made of is 
a crystal material that satisfies the expression (1). It is 
also preferable that a polarization processing is not car- 
ried out to this crystal material, or the crystal material is 
annealed at a high temperature after a polarization 
processing, like in the first embodiment. 20 
[0068] Fig. 1 0 is a top plan cross-sectional view of the 
laser module 1 00 in a laser beam emission direction. As 
shown in Fig. 1 0. the semiconductor laser device 20 and 
a thermistor 21 that measures a temperature of the sem- 
iconductor laser device 20 are provided on a sub-mount 25 
34. A first photodetector 41 that receives the other beam 
obtained by branching a laser beam by the prism 51 , 
and a second photodetector 42 that receives a beam 
transmitted through the optical filter 52 are provided on 
the same plane at the front surface (the surface in a laser so 
beam emission direction) of the sub-mount 53 that is po- 
sitioned on the wavelength monitor. 
[0069] Temperature control of this laser module 100 
will be explained below. Fig. 11 Is a diagram that ex- 
plains the operation of the laser module. A thermistor 35 
54 that measures a temperature of the optical filter 52 
will be called a first thermistor 54, and a thermistor 21 
that measures atemperature of the semiconductor laser 
device 20 will be called a second thermistor 21 . 
[0070] In Rg. 1 1 , when a signal has been input from 40 
the first thermistor 54 to a first controller 91 . the first con- 
troller 91 detects a temperature of the optical filter 52. 
The first controller 91 calculates a difference between a 
desired temperature and a temperature detected by the 
first thermistor 54, and controls the temperature of the 45 
first thermo-module 61 to a constant level by using a 
voltage corresponding to this difference as a control 
voltage. With this anrangement, the optical filter 52 is 
heated or cooled via the first themrio-module 61 and the 
base 50, and is stabilized at the desired temperature. In so 
other words, it is possible to stabilize the wavelength 
discrimination characteristics of the optical filter 52. 
[0071] When a signal has been input from the second 
thermistor 21 to a second controller 92 shown in Rg. 1 1 , 
the second controller 92 detects a temperature of the ss 
semiconductor laser device 20. The second controller 
92 stores a relationship between the temperature of the 
semiconductor laser device 20 and the oscillation wave- 
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length. A user selects a desired wavelength, and sets 
this wavelength. Based on this, the second controller 92 
controls the second thermo-module 62 to obtain a tem- 
perature corresponding to this desired wavelength. 
[0072] On the other hand, the monitoring laser beam 
output from the rear end surface of the semiconductor 
laser device 20 is transmitted through the parallel lens 
35, and is then incident to the two inclined surfaces that 
are fomned on the prism 51 at different inclination an- 
gles. The incident laser beam is branched into two di- 
rections toward the first photodetector 41 and the sec- 
ond photodetector 42. One of the beams obtained by 
branching by the prism 51 is converted into current by 
the first photodetector 41 . and this current is input to the 
second controller 92 shown in Fig. 11 . 
[0073] The other beam obtained by branching by the 
prism 51 is transmitted through the optical filter 52 and 
is converted into current by the second photodetector 
42, and this current is input to the second controller 92 
shown in Fig. 11. 

[0074] The second controller 92 converts the current 
input from the first photodetector 41 into a voltage, and 
uses this voltage as a reference voltage. The second 
controller 92 converts the current input from the second 
photodetector 42 into a voltage, and uses this voltage 
as a signal voltage. The second controller 92 stores a 
reference voltage difference that is a difference between 
a signal voltage that is obtained when a beam of a de- 
sired wavelength selected by a user has passed through 
the optical filter 52 and the reference voltage obtained 
when the beam of this wavelength has oscillated. The 
second controller 92 can detect a wavelength deviation 
by comparing a voltage difference between the actual 
reference voltage and the signal voltage with the refer- 
ence voltage difference. 

[0075] Based on a voltage that shows this wavelength 
deviation, the second controller 92 controls the temper- 
ature of the second thermo-module 62. The semicon- 
ductor laser device 20 is cooled or heated via the first 
thermo-module 62, the base 30. and the sub-nnount 34 . 
In other words . the wavelength is locked to a desired 
wavelength selected by the user. 
[0076] A third controller 93 shown in Fig. 11 controls 
an injection current of the semiconductor laser device 
20 so that the laser beam output becomes constant, 
based on a signal output from the first photodetector 41 . 
[0077] The temperature variable performance of the 
laser module will be explained next. As one example, it 
will be assumed that a range of temperature within 
which it is possible to control the temperature of the first 
thenno-module 61 and the second thermo-module 62 is 
60°C, and that a temperature specification of a case of 
the laser module is required to be - 5®C, to 70**C. In this 
case, the temperature variable range of the first thermo- 
module 61 becomes 10*»C to 55®C. Therefore, it is suf- 
ficiently possible to keep the temperature of the optical 
fitter 52. that is the temperature of the first thenno-mod- 
ule 61 , to 20*»C, for example, with the first controller 91 . 
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[0078] Inthisstate, asthe temperature of the firstther- 
mo-module 61 at the tower stage of the second thermo- 
module 62 is controlled to be constant, it is possible to 
remarkably expand a temperature variable range of the 
second thermo-modute 62 as compared with the con- 
ventional range. For example, when the temperature of 
the first thermo-module 61 is 20^*0 lil^e in the above ex- 
ample, the temperature variable range of the second 
thermo-module 62 becomes -40*^0 to 80**C with a width 
of 120''C. This means that it is possible to control the 
temperature of the semiconductor laser device 20 over 
the range of 1 20''C via the sub-mount 34 that is provided 
on the second thermo-module 62. 
[0079] As the temperature dependency of the oscilla- 
tion wavelength of the semiconductor laser device 20 is 
about 0.1 nm/'^C, the wavelength variable range of the 
semiconductor laser device 20 becomes 0.1 nm x 
120^0 ^ 12 nm. As a result, it becomes possible to ex- 
pand the application range of this laser module. 
[0080] According to the second embodiment, as the 
optical filter 52 is provided on the first thermo-module 
61 of which temperature is controlled to a constant level, 
it is possible to stabilize the wavelength discrimination 
characteristics of the optical filter 52 and the optical iso- 
lator 32. Therefore, it is possible to realize wavelength 
locking more precisely. Further, as the second thermo- 
module 62 is provided on the first thermo-module 61 of 
which temperature is controlled to a constant level, it 
becomes possible to expand the temperature control 
range of the second thermo-module 62. Therefore, it be- 
comes possible to expand the wavelength variable 
range of the semiconductor laser device 20 that is pro- 
vided on the second thermo-module 62 via the base 30 
and the sub-mount 34. 

[0081] According to the second embodiment, the op- 
tical fitter 52 has a stmcture simitar to that of the optical 
filter explained in the first embodiment, and also satis- 
fies the condition of the expression (1). Therefore, the 
temperature dependency of the wavelength of the trans- 
mission beam of the optical filter 52 becomes smaller 
than that of the conventional optical filter. Consequently, 
It is possible to detect in high precision a wavelength 
variation of a laser beam that is output from the semi- 
conductor laser device 20. Based on this wavelength 
variation, the first thermo-module 61 and the second 
thermo-module 62 can control the temperature of the 
semiconductor laser device 20, and can precisely con- 
trol the output wavelength. 

[0082] When the second thermo-module 62 is dis- 
posed near the center of the first thermo-module 61 as 
shown in Fig. 1 2, the first thermo-module 61 at the lower 
stage can uniformly absorb heat generated by the sec- 
ond thermo-module 62. Thus, it is possible to effectively 
utilize the performance of these thermo-modules. Con- 
sequently, it is possible to tower the power consumptton 
of the first thermo-module 61 . This provides the effect 
of expanding the temperature variable range with the 
same power consumptton. In other words, it becomes 



possible to expand the variable range of the oscillation 
wavelength of the semiconductor laser device 20. 
[0083] Further, when only the sub-mount 34 that is 
provided with the semiconductor laser device 20 is 
s mounted on the second thermo-module 62, it becomes 
possible to lower the power consumption of the second 
thermo-module 62 as well. 

[0084] A third embodiment will be explained next. In 
the second embodiment, the wavelength monitor is 
10 structured to use a laser beam that is output from the 
rear end surface of the semiconductor laser device 20. 
On the other hand, in the third embodiment, a wave- 
length monitor is structured to use a laser t>eam that is 
output from the front end surface of the semiconductor 
^5 laser device 20, In the third embodiment, it is preferable 
that the optical filter 52 is formed with a crystal material 
that satisfies the expression (1 ) like in the first and sec- 
ond embodiments. Further, it is preferable that in 
processing the crystal material, the crystal material is 
20 annealed at a high temperature, without carrying out a 
polarization processing or after carrying out a polariza- 
tion processing. 

[0085] Rg. 1 3 is a side cross-secttonal view of this la- 
ser module in a laser beam emission direction In Ftg. 

25 13, sections that are identical with those m Fig 9 are 
attached with like reference numbers, and explanation 
of these sections will be omitted. According to a laser 
module 140 shown in Fig. 13, a base 80. a second ther- 
mo-module 64, and a base 70 are provided on a first 

30 thermo-module 61. A sub-mount 81 is p'ov»dod on a 
base 80. A photodetector 82 that receives a lase? beam 
emitted from the rear end surface of the semiconductor 
laser device 20 is provided on the front surtace ime sur • 
face of a laser beam emission direcicm of t^>e suo 

35 mount 81 . 

[0086] A base 37 is disposed on the second thermo- 
module 64. On this base 37, there are provided a sub 
mount 34 that is provided with the semiconductor laser 
device 20, and a parallel lens 33 that connects a laser 

^ beam output from the front end surface ot tne semcon- 
ductor laser device 20 to an optical Ubet 1 1 On the base 
70, there are provided an optical isolator 32 that stops 
a reflection return beam of a condensed beam from the 
optical fiber 11, a sub-mount 71, and a sub-fTX)unt 72 

45 [0087] Fig. 1 4 is a top plan cross-sectional view ot the 
laser module in a laser beam emission direction As 
shown in Fig. 1 4, the semiconductor laser device 20 and 
a thermistor 21 that measures a temperature ot the sem- 
iconductor laser device 20 are provided on the sub- 

50 niount 34. On the base 70 that is positioned on a wave- 
length monitor, there are provided a half-mirror 78 that 
transmits a beam that has passed through the optical 
isolator 32 and also reflects this beam to the sub-mount 
72 at an angle of approximately 90 degrees relative to 

55 an incident direction of this beam, a half-mirror 77 that 
transmits a beam that has passed through the half-mir- 
ror 78 and also reflects this beam to the sub-mount 71 
at an angle of approximately 90 degrees relative to an 
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incident direction of this beam, and an optical filter 75 
that makes incident a beam reflected from the half-mir- 
ror 78. 

[0088] A first photodetector 73 that receives a beam 
reflected from the hatf-mirror 77 is provided on the front 
surface of the sub-mount 71 . A second photo detector 
74 that receives a beam transmitted through the optical 
filter75 is provided on the front surface of the sub-mount 
72. It is preferable to use photodiode for the first photo- 
detector 73 and the second photodetector 74 respec- 
tively. 

[0089] The first photodetector 41 and the second pho- 
todetector 42 shown in Rg, 11 correspond to the first 
photodetector 73 and the second photodetector 74 re- 
spectively, and the temperature control of the laser mod- 
ule 140 is carried out in a similar manner to that ex- 
plained for the laser module in the second embodiment. 
Therefore, explanation of the temperature control of the 
laser module 140 will be omitted. Although not shown 
in Fig. 1 4, a thennistor that corresponds to the first ther- 
mistor 54 shown in Fig. 11 is disposed near the optical 
filter 75. 

[0090] In Fig. 13 and Fig. 14, the photodetector 82 
monitors output power of the semiconductor laser de- 
vice 20, and a detection current is input to the third con- 
troller 93 shown in Fig. 11 . 

[0091] According to the laser module relating to the 
third embodiment a crystal member that constitutes the 
optical filter satisfies the condition of the expression (1 ) 
like in the first and second embodiments. Therefore, it 
becomes possible to realize an optical filter that has sta- 
ble transmission wavelength, with small variation in the 
transmission wavelength attributable to a temperature 
variation. As a result, it becomes possible to control in 
high precision the wavelength of a laser beam that is 
output from the semiconductor laser device 20, in a sim- 
ilar manner to that of the first and second embodiments. 
[0092] There are also the following effects that are 
similar to the effects of the first and second embodi- 
ments. It is possible to stabilize the wavelength discrim- 
inatbn characteristics of the optical filter 52 and the op- 
tical isolator 32, and this makes it possible to realize 
wavelength locking in higher precision. It is possible to 
expand the wavelength variable range of the semicon- 
ductor laser device 20. It is possible to make the wave- 
length monitor small by using a prism. 
[0093] A fourth embodiment will be explained next. A 
laser module relating to a fourth embodiment has a heat- 
insulating or insulating shielding member between the 
second thermo-module and the base that is disposed in 
parallel with the second thermo-module in the second 
embodiment. 

[0094] Rg. 1 5 is a side cross-sectional view of this la- 
ser module in a laser beam emission direction. In Rg. 
15, sections that are identical with those in Rg. 9 are 
attached with like reference numbers, and explanation 
of these sections will be omitted. Fig. 16 is a top plan 
cross-sectional view of this laser module in a laser beam 



emission direction. In Rg. 16, sections that are identical 
with those in Rg. 2 are attached with like reference 
numbers , and explanation of these sections will be 
omitted. In the fourth embodiment, it is preferable that 

5 an optical fitter 52 is formed with a crystal material that 
satisfies the expression (1) like in the first to third em- 
bodiments. Further, it is preferable that in processing the 
crystal material, the crystal material is annealed at a 
high temperature, without carrying out a polarization 

10 processing or after carrying out a polarization process- 
ing. 

[0095] The structures shown in Rg. 1 5 and Fig. 1 6 are 
different from those shown In Rg. 9 and Rg. 2 in that a 
shielding member 95, with any one of insulating char- 
's acteristic or heat-insulating characteristic or both, is fix- 
edly disposed between a second thermo-module 62 and 
a base 50 as a wavelength monitor. 
[0096] For example, when the shielding member 95 
is formed with an insulating material, it Is possible to pre- 
20 vent the second thermo-module 62 and the base 50 
from being electrically contacted and short-circuited. 
When the shielding member 95 is formed with a heat- 
insulating material, it is possible to prevent a variation 
in the wavelength-versus-optical transmission charac- 
25 teristlcs of the optical fitter 52 attributable to the trans- 
mission of heat generated in the second thermo-module 
62 to the optical filter 52 via the base 50 as the wave- 
length monitor. 

[0097] For the insulating material, it is possible to use 
30 any one of ceramics or resins such as glass epoxy resin 
(glass fiber -i- epoxy resin), paper phenol resin, polyim- 
ide, mica, glass, epoxy resin, polyethylene, and TE- 
FLON {a registered trademark). For the heat-insulating 
material, it is possible to use any one of porous materials 
35 such as glass fiber, ceramic fiber, rock wool, foamed ce- 
ment, hollow glass beads, foamed urethane, and 
foamed polystyrene. For the shielding member 95, it is 
preferable to use a material that has both insulation and 
heat-insulation characteristics. The above materials 
40 have both characteristics In substantially all applica- 
tions. 

[0098] It is also possible to fixedly provide the shield- 
ing member 95 between a base 31 on which an optical 
isolator 32 is provided and the second thermo-module 
45 62. 

[0099] As explained above, according to the fourth 
embodiment an insulating or heat-insulating material is 
fixedly disposed between the second thermo-module 62 
and the part disposed in parallel adjacent to this second 

50 thermo-module 62. Therefore, it is possible to prevent 
electric short-circuiting or unnecessary heat conduction 
between the two. As a result, it becomes possible to 
achieve highly reliable operation or reduction in power 
consumption of the second thermo-module. 

55 [01 00] According to the fourth embodiment, an optical 
filter 75 is formed with a crystal material that satisfies 
the expression (1). Therefore, the transmission wave- 
length characteristic of the optteal filter 75 has low tem- 
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perature-dependency, and a change in the transmission 
wavelength attributable to a temperature change be- 
comes smaller than the transmission wavelength of a 
conventional optical filter. Consequently, it is possible to 
realize wavelength locking more precisely than accord- 
ing to a conventional practice, in a similar mannertothat 
of the first to third embodiments. 
[0101] In the above example, the shielding member 
95 is used in the structure shown in Fig. 9. It is needless 
to mention that it is also possible to reduce sizes of the 
laser module by disposing the shielding member to oth- 
er structures. For example, it is possible to fixedly sand- 
wich the member 95 between the first thermo-module 
63 and the second thermo-module 64 in the stmcture 
shown in Fig. 1 . 

[0102] While a prism or a hatf-mirror is used as one 
example of a beam splitter in the above embodiments, 
it is also possible to use other beam splitters. 
[0103] A fifth embodiment will be explained next. In 
the first to fourth embodiments, semiconductor laser de- 
vice modules that incorporate an integrated structure of 
structural members such as an optical system that is rel- 
evant to the semiconductor laser device 20 have been 
explained. In the fifth embodiment, a wavelength locker 
module of an external type that is structured separately 
from the semiconductor laser device or the like will be 
explained. Fig. 17 is a view that shows a structure of a 
wavelength locker module relating to the fifth embodi- 
ment. The wavelength locker module shown in Fig. 17 
is constructed of an optical fiber 11 , a parallel lens 36, 
a prism 51 , an optical filter 52, a first photodiode 42, a 
second photodiode 41 , a temperature controller 64, and 
a temperature sensor 54. These constituent members 
are integrally fitted in a package. Inside the wavelength 
locker module, there is disposed a carrier 53 that holds 
the first photodiode 42 and the second photodiode 41 . 
[0104] In the above structure, a laser beam of which 
wavelength is to be monitored by the wavelength locker 
module is transmitted from a temperature-controllable 
semiconductor laser device that is provkled at the out- 
side of a wavelength module 2, via the optical fiber 11 . 
The laser beam from the optical fiber 1 1 is changed into 
a parallel beam by a parallel lens 36, and this parallel 
beam is directly incident to the prism 51 . Thereafter, the 
wavelength of the laser beam is monitored according to 
the operation similar to that of the structure shown in 
Fig. 1 , based on each photo detection current of the 
prism 51 , the optical fitter 52, the first photodiode 42, 
and the second photodiode 41. The prism 51, the first 
photodiode 42, the second photodiode 41 , the temper- 
ature controller 64, and the temperature sensor 54 that 
are included in the wavelength locker 2 may be prepared 
using members similar to those of the corresponding 
constituent members shown in Fig. 1, and thus expla- 
nation of these materials will be omitted. 
[0105] In the fifth embodiment, the optical filter 52 is 
formed with a crystal member that satisfies the expres- 
sion (1). Therefore, the temperature dependency of the 



wavelength of a beam that is transmitted through the 
optical filter 52 is small, like in the first to fourth embod- 
iments. It is possible to detect in high precision a devi- 
ation of the wavelength of a laser beam that is transmit- 

s ted from the outside. Therefore, it becomes possible to 
properly control the temperature of the semiconductor 
laser device, and it becomes possible to achieve wave- 
length locking in high precision. 
[0106] While the present invention has been ex- 

10 plained according to the first to fifth embodiments, the 
present Invention is not limited to the structures ex- 
plained in these embodiments. It is also possible to mod- 
ify the invention in various ways. For example, it is pos- 
sible to use the optical filter relating to the present in- 

15 vention as a loss compensation filter in an optical com- 
munication system. In the optical communication sys- 
tem, optical loss during an optical transmission has 
wavelength dependency. Therefore, when an optical 
transmission is carried out in the WDM system, for ex- 

20 ample, intensity deviation occurs between optical sig- 
nals that are transmitted in mutually different wave- 
lengths. In order to flatten the intensity of the optical sig- 
nals by compensating for the intensity deviation, gener- 
ally a loss compensation filter is disposed in the optical 

25 communication system. When the optical filter that sat- 
isfies the condition of the expression (1 ) is used for the 
loss compensation filter, the wavelength transmission 
characteristics of the optical filter has low dependency 
on a temperature change, and the transmission wave- 

30 length has small variation. Therefore, it becomes pos- 
sible to carry out stable loss compensation. 
[0107] As explained above, according to the present 
embodiment, the optical filter is structured with a crystal 
member that has small change in the optical length at- 

35 tributable to a temperature change. Therefore, when the 
semiconductor laser module is used under a condition 
of small wavelength intervals t>etween optical signals, 
there is an effect that it is possible to achieve stable 
wavelength locking in high precision even when there is 

40 a large temperature change. 

[0108] Although the invention has been described 
with respect to a specific embodiment for a complete 
and clear disclosure, the appended claims are not to be 
thus limited but are to be construed as embodying all 

"^5 modifications and alternative constructions that may oc- 
cur to one skilled in the art which fairly fall within the 
basic teaching herein set forth. 



so Claims 

1. An optical fitter comprising a crystal member that 
satisfies a condition that a + (l/ng) x (An/AT) be- 
comes not more than 3.5, where a represents a co- 
55 efficient of linear expansion, no represents a refrac- 
tive index at a normal temperature, and An repre- 
sents a change of a refractive index corresponding 
to a temperature variation AT. 
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2. The optical filter according to claim 1 . wherein the 
crystal member has been fomied with LiTaOj. 

3. The optical filter according to claim 1 , wherein the 
crystal member has substantially zero dipole mo- 
ment as a whole. 

4. The optical filter according to claim 1 , wherein the 
crystal member has been annealed at a predeter- 
mined temperature. 

5. The optical filter according to claim 1 , wherein the 
crystal member has been annealed at a tempera- 
ture not lower than a Curie point after polarization. 

6. The optical filter according to claim 1, wherein the 
crystal member is formed with any one of LiNbOg, 
61^2^^020, Gd3Ga50^2* ^^^2- 

7. A laser module comprising : 

a semiconductor laser device that outputs a la- 
ser beam; 

an optical fiber that condenses a laser beam 
output from the semiconductor laser device and 
transmits the laser beam to the outside; 
an optical branching unit that makes a wave- 
length-monitoring laser beam incident out of a 
laser beam emitted from the semiconductor la- 
ser device, and branches the wavelength-mon- 
itoring laser beam into a first branch beam and 
a second branch beam; 
an optical filter that includes a crystal member 
that makes the first branch beam generate a 
Fabry-Perot resonance to selectively transmit 
a predetermined wavelength band, and that 
satisfies a condition that a + (l/ng) x (An/AT) 
becomes not more than 3.5, where a repre- 
sents a coefficient of linear expansion, no rep- 
resents a refractive index at a normal temper- 
ature, and An represents a change of a refrac- 
tive index corresponding to a temperature var- 
iation AT; 

a first light amount detecting unit that receives 
a transmission beam of the optical fitter; and 
a second light amount detecting unit that re- 
ceives the second branch beam. 



an optical isolator arranged between the first 
lens and the second lens. 

10. The laser module according to claim 7, further com- 
5 prising: 

a temperature detector that detects a change 
in the temperature of the optical fitter, and that 
carries out a temperature control to make the 
10 temperature of the optical fitter constant. 

1 1 . The laser module according to claim 7, further com- 
prising: 

IS a first temperature adjuster, and a second tem- 

perature adjuster that is fixed on the first tem- 
perature adjuster, wherein 
the wavelength monitor is fixed on the first tem- 
perature adjuster, and the semiconductor laser 

20 device is fixed en the second temperature ad- 

juster. 

12. A wavelength locker module comprising: 

25 an optical branching unit that makes a wave- 

length-monitoring laser beam mcideni. and 
branches the wavelength-moniionng laser 
beam into a first branch beam and a second 
branch beam; an optical filler that includes a 

30 crystal member that makes the f«fsi branch 

beam generate a Fabry-Perot resonance to se- 
lectively transmit a predetermined wavelength 
band, and that satisfies a conditon that a ♦ 
(1/no) X (An/AT) becomes not mofe than 3 5. 

35 where a represents a coefficient ot i.near ei 

pansion, ng represents a refractive index at a 
normal temperature, and An represents a 
change of a refractive iridex corresponding to 
a temperature variation AT: 

^0 a first light amount detecting untt that receives 

a transmission beam of the optcai ftiter. and 
a second light amount detecting unit that re- 
ceives the second branch beam 



8. The laser module according to claim 7, further com- 
prising: 50 

a first lens and a second tens that make a beam 
output from the front emission end surface of 
the semiconductor laser device inckJent to the 
opttoal fiber. 55 

9. The laser module according to claim 7, further com- 
prising: 



EP 1 304 777 A2 



CM 



CO 




EP1304777 A2 

4 • 




EP1304777A2 



FIG.3 



52a 



52 



LASER BEAM 



52b' 



52c 



EP1 304 777A2 





EP1 304777 A2 



FIG.5A 



1549.2 
1549.19 
f 1549.18 
g 1549.17 

Ui 

jJ 1549.16 

< 1549.15 

^ 1549.14 

UJ 

°- 1549.13 
1549.12 




10 



20 30 40 

TEMPERATURE ('C) 



50 



60 



FIG.5B 



E 
c 

I 
l- 
O 

z 

UJ 

_l 

Ui 

> 

i 

< 
UI 
Q. 



1549.22 
1549.21 
1549.2 
1549.19 
1549.18 
1549.17 
1549.16 
1549.15 
1549.14 
1549.13 




10 



20 30 40 

TEMPERATURE (t) 



50 



60 



EP1304777A2 



FIG.6 

_ 1549.17 
i 1549.16 
X 1549.15 

0 1549.14 
m 1549.13 
^ 1549.12 

1 1549.11 
>^ 1549.1 
1^ 1549.09 

°" 1549.08 ■ 1_ , . ■ , 

0 10 20 30 40 50 60 

TEMPERATURE ('C) 




FIG.7 

_ 1549.23 
1 1549.22 
X 1549.21 
O 1549.2 
m 1549.19 
^ 1549.18 
< 1549.17 
^ 1549.16 
m 1549.15 

^ 1549.14 I — i . . . , , 

0 10 20 30 40 50 60 

TEMPERATURE (°C) 




EP1 304 777 A2 




EP 1 304 777 A2 

« • 





on 



EP 1 304 777 A2 




EP1 304 777A2 



CO 



uamoaiNoo 
amHi 




09 



EP 1 304 777 A2 





EP1 304 777 A2 

4 % 



CM 



CO. 
CO 



CO 



o 
1^ 



CM 



CM 
CO 



CO" 



CO, 
CO 



A 



o 

CM 



CO 



CM 
00 



CO 



1 



CO 



i 



I 



i 



o 

CO 



EP1 304 777 A2 

* ti 




EP1 304 777 A2 





EP1 304 777 A2 




OQ 



EP 1 304 777 A2 




